An analysis of the electron spin resonance spectra of gamma-irradiated crystals of magnesiumhypophosphite, Mg (H2P02) 2 • 6 H20, has shown that the main long-lived paramagnetic species produced by gamma-irradiation are HP02~ and P03" ionic radicals. The hyperfine interaction tensor of the phosphorous nucleus has the principal values Tji = 1674, T=1221 Mc/s in HP02~ and Z*!] =2490, 7^ = 1847 Mc/s in P03". In HP02" , interaction of the unpaired electron with the proton gives rise to an almost isotropic hyperfine coupling of 233 Mc/s. These results indicate that the orbitals occupied by the unpaired electron in both HP02" and P03 = are sp 3 -hybrid o-orbitals centered on the phosphorous nuclei.
Introduction
It is known in many cases that C -H bonds are broken by the action of high energy gamma rays on solids. One of the simplest example is the formate ion HCOo" in which hydrogen is driven away giving the C02~ ionic radical 1 . On the other hand, the same thing happens in inorganic substances giving two, three, tetra and penta atomic ionic radicals 2 ' 3 . In ammonium hypophosphite, NH4H2P02, gamma irradiation produces HP02~ radicals 4 , and in magnesium phosphite, MgHP03 -6H20, x-ray irradiation produces P03 = radicals 5 . Therefore it seemed of interest to see what kind of species occur in Mg(H2P02)2"6H20. Consequently, the electron spin resonance spectrum of gamma irradiated magnesium hypophosphite hexahydrate single crystal was investigated to see if hydrogen could be removed from the HoPO.r ion to give the ionic radical HP02~ and it some other ionic species such as P03 = occur.
Experimental Details
Crystal of magnesium hypophosphite hexahydrate were grown from equeus solution and irradiated at room temperature with a Cobalt-60 gamma-ray source (250 c) for 24 hours. The morphology of the crystals with the crystal axes is shown in Figure 1 . The unit cell has tetragonal symmetry and contains 8 molecules. The symmetry was confirmed with x-ray diffraction experiments. The spectra of the irradiated crystals were obtained with a Varian X-band E-line ESR spectrometer with a 15" magnet at the Hacettepe University of Ankara. The crystals were rotated about each of the axes in turn and the spectra were recorded at intervals of 15° using 2 mW microwave pover. The axis of rotation was kept perpendicular to the main magnetic field.
Description of ESR Spectra
The spectrum obtained from a gamma-irradiated crystal of Mg (H2P02) 2 • 6 H20 when the magnetic field is paralel to one of the three crystallographic axes consists of four sharp lines with two small lines symmetrically located at both sides as shown in Figure 2 . When the microwave power is increased, these two lines become stronger while the four-line pattern becomes weaker in intensity. In addition, there appear several lines in the middle of the spectrum which we shall not consider in this paper. The four-line spectrum obtained for the field along a crystallographic axis indicates a hyperfine interaction with two nuclei of spin 1/2. For these par-V.
-HP02 PO 3000 3100 3200 3 3600 3700 H(G.) . We obtain 64 almost resolved lines in the skew orientation showing the presence of sixteen HP02~ radicals in the unit cell, which is in agreement with the unit cell properties of the crystal 6 . HP02~ occurs by losing a hydrogen atom from H2P02~.
The very small two-line spectrum mentioned above doubles and becomes a sixteen-line spectrum when the magnetic field explores the above mentioned planes. This spectrum is attributed to P03 = radicals.
Determination of g and Hyperfine Interaction Tensors
It is seen from Table 3 that the hyperfine splitting of the P 31 nucleus is exceedingly large. Therefore the electron spin can not be assumed to be quantized along the magnetic field direction and terms of second order in the hyperfine interaction of the nucleus with the unpaired electron must be retained in the Hamiltonian. In this case it is easier to evaluate the problem in the principal axis system which diagonalizes both the g tensor and the P 31 hyperfine interaction tensor, T. When the magnetic field is along the z-axis the simplified Hamiltonian is observed at constant microwave frequency it may be shown that
for the low-field line at Hz~ gauss and
v-g"ßE±*bT"+{H, +T 2 w)/8g"ßHz + (3)
for the high-field line at Hz + gauss. The corresponding equations for H parallel to x and y are obtained by making cyclic permutations in the subscripts. In our case, since there is axial symmetry, Tzz = T\\ and Tyy = Txx = T]_. The same subscripts are valid for the g tensor. Under these conditions Table 1 . Energy levels, wave functions and the low and the high field transition frequencies when the magnetic field is parallel to a principal axis of g and T. With the aid of these equations and the experimental data in Table 2 the principal values of the g tensor and the P 31 hyperfine interaction tensors for the radicals HP02~ and P03 = were determined. 
Levels

Results and Discussion
The proton hyperfine interaction tensor in HP02~ was nearly isotropic within the limits of experimental errors. Evaluation of its value was straightforward with the result of 233 Mc/s. The nucleus responsible for the largest coupling is obviously phosphorous. The obtained values of g and the hyperfine interaction tensors for both HP02~ and P03 = are given in Table 3 . The quantities T\\ and T_L are of special interest because they give information about the electronic structure of the paramagnetic species. These quantities are the sum of two parts, the isotropic and the anisotropic interactions. In HP02~ the isotropic part of T is 1372 and the dipolar parts are 7 7 d|| = 302, Tdl= -151 Mc/s. The same quantities for P03 = are T^o =2061, 7d|| = 429, TAI--215. The extremely large values of isotropic hyperfine interactions observed in this study indicate that there is a direct mechanism for getting the unpaired electron density at the nucleus. Therefore the orbital occupied by the unpaired electron must be a hybrid orbital containing considerable s-character. Actually the orbitals occupied by the unpaired electrons in both cases of HP02~ and P03 = are sp 3 hybrid a-orbitals. From the S.C.F. 
